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Abstract 
Introduction: Bleaching treatments may negatively affect the surface quality of composite 
restorations existing in the mouth. This study sought to assess the effect of 16% and 35% 
carbamide peroxide on microhardness of silorane-based versus two methacrylate-based composite 
resins. 
Methods: A total of 54 discs were fabricated from FiltekP90 (P90), FiltekZ350XT(Z350) Enamel 
and Filtek Z250(Z250) (n=18). Each group of composite specimens was randomly divided into 3 
subgroups (n=6). The control subgroup was stored in distilled water for 2 weeks. Subgroup 2 
specimens were bleached 4hours a day with 16% carbamide peroxide (Home bleaching) for 14 
days. The 3
rd
 subgroup specimens were subjected to 35% carbamide peroxide (Office bleaching) 
applied once for 40 minutes. Microhardness of specimens was measured before and after 
bleaching by using Vickers hardness testing machine. Data were analyzed by using Repeated 
Measures ANOVA. 
Results: Baseline microhardness of P90 was lower than that of the other two composite resins 
(p=0.001). Bleaching decreased the microhardness of Z250 and Z350 compared to the control 
group (p<0.001). However, in P90, only the office bleaching material caused a reduction in 
microhardness (p=0.009). The effect of home and office bleaching on microhardness of P90 was 
different (p=0.015).  
Conclusion: Bleaching treatments significantly decreased the microhardness of Z250 and Z350 
composite resins but this reduction in P90 was not statistically significant after home bleaching. 
Keywords: Hardness, Silorane composite resin, Tooth bleaching  
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ريثات گنيچيلب رب سندراهورکيم تيزوپماک سيباب نارولياس 
 
 
رگنامک یمشاه تاداسلا هقيدص*یمشاهروپ للاج ديس ،یيازريم روصنم ،یروجکايک انايک ، 
 
هديکچ 
همدقم: ّ .ذٌشات ِتشاد یفٌه رثا ىاّد رد دَجَه یتیزاپهاک یاْویهرت حطس تیفیک رت تسا يکوه گٌیچیلت یاًْاهرد يیا فذ
 ِعلاطهيییعت رثا ذیاهاتراک ذیسکارپ 16 ٍ %35رت % یتخسسیر یاْتیزَپهاک سیتات ىارَلیاس رد ِسیاقه ات ٍد تیزَپهاک سیتات 
.ذشات یه تلایرکاته 
:اه شور و داوم 11دذع کسید یتیزَپهاک ات گًر A3 زا رّ ماذک زا تیزاپهاک یاّ(Filtek P90, Filtek Z350XT 
Enamel, Filtek Z250)  ٍ رد عَوجه 54 دذع ات ُدافتسا زا ذلَه سلٌتسا لیتسا ِتخاس رّ .ذًذش کی زا اْتیزَپهاک ترَصت 
یفداصت  ِت3 ٍُرگ فلتخه نیسقت ذًذش(n=6).کی ٍُرگ رد بآ رطقه ِت  تذه2 ِتفّ رد یاهد قاتا ىاٌَعت ًَِوً یاّ لرتٌک 
یراذْگً ُذش ٍ یاٍّْرگ رگید ات ذیاهاتراک ذیاسکارپ 16% ت(،)لسٌه رد گٌیچیل4 تعاس رد زٍر ِت  تذه14 زٍر ٍ ذیاهاتراک  ذیاسکارپ
35% )ةطه رد گٌیچیلت(  راثکی40 درَه ،ِقیقد چیلت رارق .ذٌتفرگ ىاسیه یتخسسیر ًَِوً اّ لثق ٍ ذعت زا گٌیچیلت ات ُدافتسا زا  
Vickers hardness testing machineُزاذًا یریگ ذش ٍ ُداد اّ اتrepeated measure ANOVA model  
آسیلاً .ذًذش 
:اه هتفاي یتخسسیر ِیلٍا P90ِت رَط یراداٌعه رتوک زا ٍد تیزَپهاک رگید دَت .رد درَه Z250 ٍ Z350 ىاهرد گٌیچیلت ثعات 
شّاک راداٌعه ىاسیه یتخسسیر تثسً ِت ٍُرگ لرتٌک ذش ( p<0.001)، اها رد درَه P90 طقف ُداه گٌیچیلت ةطه ثعات شّاک 
راداٌعه سًدراٍّرکیه ذش (p=0.009) رثا گٌیچیلت یگًاخ ٍ ةطه رت P90 تٍافته دَت (015/0). 
هجيتن :یريگ ِت لاثًد ىاهرد گٌیچیلت یتخسسیر یاْتیزَپهاک Z250  ٍZ350 ِت ترَص یٌعه یراد شّاک تفای یلٍ يیا 
لسٌه رد گٌیچیلت لاثًد ِت شّاک رد تیزَپهاک P90 ىاذٌچ لتاق ِجَت ُدَثً تسا. 
ژاو:یديلک ناگ ،یتخس يیزر تیزَپهاک ىاذًد ىدرک ذیفس ،ىارَلیاس 
 
Introduction 
Changing the resin matrix and production of 
composites with low polymerization shrinkage such as 
the silorane-based composite resins
[1]
are one of the 
suggested strategies for reducing the stress generated 
by the process of polymerization shrinkage.  
Prognosis and survival of restorations depend on 
the mechanical properties and biological characteristics 
of the used materials. Thus, chemical softening agents 
decrease hardness, clinical service and longevity of 
restorations.
[2]
Microhardness is related to the 
mechanical properties of composite resins, their 
degradation and stainability. Bleaching treatments are 
usually done at the dental office or at home by using 
hydrogen peroxide derivatives.
[3]
 Due to the presence 
of an organic matrix, composite materials are more 
susceptible to chemical degradation compared to 
ceramic or metal restorations.
[4]
Bleaching can slightly  
 
change the enamel surface and negatively affect the 
surface quality of composite restorations in the 
mouth.
[5]
 Studies on the effects of bleaching on 
microhardness of restorative materials have reported 
controversial results
[6-11]
 and these effects are claimed 
to be material-dependent. Number of studies on the 
impact of bleaching on microhardness
[12-14]
 of silorane-
based composites is limited. Considering the fact that 
changes in microhardness are related to the type of 
material, matrix and filler, a question still remains 
whether a locally made bleaching agent is capable of 
affecting the microhardness of recent silorane-based 
composite restorations. The present study sought to 
compare the effects of two bleaching agents on 
microhardness of 3 composites with different resin 
bases (silorane- and methacrylate-based), filler volume 
and filler type (nanofilled and microhybrid). 
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Methods 
The materials used in this study are well described 
in table 1. 
Specimen preparation  
A total of 54 A3 shade composite discs(n=18 for 
each composite resin) measuring 2mm in thickness and 
10mm in diameter were fabricated by using a stainless 
steel mold and light-cured using an LED light-curing 
unit (Valo, Ultradent) with 1000 mW/cm
2
 intensity 
from each side of the mould for 20s. Then an operator 
polished the specimens with 1200, 1500, 2000, 2500 
and 3000 grit silicon carbide abrasive papers. Polished 
specimens were placed in an ultrasonic bath containing 
distilled water for 3min for elimination of debris and 
then stored in distilled water for 24h to allow 
completion of polymerization. 
Bleaching treatment 
Each composite group was randomly divided into 
3 subgroups (n=6). Subgroup 1 was stored in distilled 
water as the control group. The remaining two 
subgroups were subjected to bleaching with Kimia 
16% carbamide peroxide (16%CP) 4h daily for 2 
weeks and Kimia 35% carbamide peroxide (35%CP) 
only once for 40min, respectively. For bleaching 
treatment, specimens were immersed in the bleaching 
gel for the respective time periods. After each time of 
treatment, specimens were rinsed and cleaned with a 
soft brush for 1 min. At the time intervals between 
treatments, specimens were stored in screw-top vials 
containing distilled water at room temperature and the 
distilled water was refreshed daily for all groups.  
Microhardness testing 
Microhardness of specimens was measured at 
baseline and after bleaching in the test groups and at 
baseline and after 2 weeks of storage in distilled water 
in control groups by using a digital microhardness 
tester (Vickers hardness testing machine) with a 
Vickers indenter at the load of 100 g and dwell time of 
20 s at room temperature. Three indentations were 
made on each specimen with more than 1 mm distance 
from the disc margins and the mean of microhardness 
value was calculated by using the measurements done 
at the three indentation points. Vickers hardness was 
calculated by measuring the length of the two 
diagonals of the indentation and using the formula 
below 
[15 ]
:VH=1.854F/d
2
 
Where F is the applied force and d is the mean 
length of the two diagonals of the indentation 
 
Table 1. Materials used in this study, their composition and manufacturer 
 
Material            Type           Content Manufacturer 
Kimia Teeth Whitening 
System (home) 
16%carbamide peroxide 
(gel) 
Carbamide peroxide Kimia, Chimie Dent, Iran 
Kimia Teeth Whitening 
System (office) 
35%carbamide peroxide 
(powder and liquid) 
carbamide peroxide(liquid) 
Sio2(gelling powder) 
Kimia, Chimie Dent, Iran 
Filtek Z250 
Microhybrid methacrylate-
based composite 
Bis-GMA, Bis-EMA, UDMA, TEGDMA 
Filler: Zirconia, silica (78% weight)(60% 
volume)(size 0.01-3.5m) 
3M ESPE, St. Paul, MN, 
USA 
Filtek Z350 XT Enamel 
Nanofilled methacrylate-
based composite 
Combination of aggregated zirconia/silica 
Cluster filler, Bis-GMA, UDMA, 
TEGDMA 
3M ESPE, St. Paul, MN, 
USA 
Filtek P90 
Silorane-based composite 
(microhybrid) 
Silorane resin, initiating system: 
comphorquinone, iodonium salt, Electron 
donor 
Quartz filler, Yttrium 
Fluoride (76% weight, 55% volume, size: 
0.04-1.7m) 
Stabilizers, pigments 
3M ESPE, St. Paul, MN, 
USA 
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Statistical Analysis 
Microhardness values were analyzed with repeated 
measures ANOVA .If the interaction effect between 
intervention and repeated factors was significant, the 
paired-t test was used for the comparison of the VH 
values before and after bleaching of each group, and 
two-way ANOVA  was applied for between-group 
comparisons (before or after bleaching).  
If the interaction effect between the type of 
composite and bleaching agent was significant, one-
way ANOVA and if it was insignificant, the Tukey’s 
HSD test was used. For multiple comparisons, Tukey’s 
HSD test was also applied. 
 
 
Results  
Table 2 shows the microhardness values of the 3 
understudy composite resins in the control, home 
bleaching and office bleaching groups before and after 
the intervention (bleaching). 
The type of composite resin (p<0.001) had a 
significant effect; whereas, the bleaching agent 
(p=0.06) and the interaction of bleaching agent and 
type of composite resin had no significant effect on 
microhardness values of specimens before the 
intervention (p=0.209). Before bleaching, 
microhardness values of FiltekZ250 (Z250) and Filtek 
Z350XT Enamel (Z350) were not significantly 
different (p=0.293) but significant differences were 
found between Z250 and FiltekP90 (P90) (p<0.0001) 
and P90 and Z350 (p<0.0001) in terms of 
microhardness value. Type of composite (p<0.001), 
bleaching agent (p<0.001) and the interaction of type 
of composite and the bleaching agent (p<0.001) had 
significant effects on microhardness values of 
specimens after bleaching treatment. 
Within each bleaching group, significant 
differences existed in microhardness values of 
composite resins (p<0.001 for all). No significant 
differences were observed in microhardness of Z250 
and Z350 composites in the control, office and home 
bleaching subgroups (p=0.47, p=0.19 and p=0.63, 
respectively).  
However, the difference in microhardness between 
Z250 and P90 (p<0.001 for all subgroups) and also 
Z350 and P90 (p<0.001 for all subgroups) was 
statistically significant. 
Significant differences were observed in before- 
and after-bleaching microhardness values of Z250, 
Z350 and P90 (p<0.001, p<0.001 and p=0.008, 
respectively). Significant differences were shown in 
microhardness of Z250 specimens between the two 
subgroups of control and home bleaching (p<0.001) 
and control and office bleaching (p<0.001) after the 
intervention. However, the microhardness of office 
bleaching and home bleaching subgroups of Z250 after 
bleaching was not significantly different (p=0.99). 
Moreover, significant differences were detected in 
microhardness of Z350 specimens between the two 
subgroups of control and home bleaching (p<0.001) 
and control and office bleaching (p<0.001) in post-
intervention. But, the microhardness of office 
bleaching and home bleaching subgroups of Z250 after 
bleaching was not significantly different (p=0.94). 
 
Table2. The mean±SD of Vickers Hardness values for each  
composite resin and bleaching agent* 
 
P90 Z350 Z250 Composite 
 
Bleaching 
After Before After Before After Before 
65.69±1.81 67.21±3.44 98.22±3.57 110.41±6.77 95.54±1.75 105.63±5.45 16%CP 
68.17±1.26 70.91±1.56 96.57±2.71 108.68±4.89 94.39±6.31 115.97±5.95 35%CP 
65.52±1.19 66.76±2.38 108.43±3.85 109.17±4.49 111.7±7.08 110.78±3.92 Control 
*Same superscript letter showed statistically no significant differences between groups. 
(p<0.05 was statistically considered significant). 
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Similarly in P90 group, microhardness values of 
control and office bleaching (p=0.009) and home and 
office bleaching (p=0.02) subgroups were significantly 
different after the intervention but no such difference 
was found in microhardness between the control and 
home bleaching subgroups (p=0.99).  
 
 
Discussion 
In the present study, baseline microhardness of 
P90 (silorane-based composite resin) was lower than 
that of methacrylate-based composite resins.Filtek P90 
is filled with a combination of fine quartz and 
radiopaque yttrium fluoride particles and is classified 
as a microhybrid composite.  
The filler content of this composite is 76% weight 
percent. Knoop hardness of quartz and zirconia 
particles was 820 and 1160, respectively
[1]
 Zirconia 
particles were incorporated into the composition of the 
two methacrylate-based composites used in this study; 
which may be the reason for lower microhardness of 
P90.  
Moreover, another study showed that silorane-
based composites had relatively higher flexural 
strength, flexural modulus and fracture toughness but 
relatively lower compressive strength and hardness 
compared to methacrylate-based composite resins.
[16]
 
In this study, treatment with 16%CP and 35% CP 
significantly decreased the microhardness of Z250 and 
Z350 (compared to baseline) in comparison with the 
control group but no such effect was observed in P90 
which was in agreement with Mourouzis et al.[17] 
Carbamide peroxide is a compound with hydrogen 
peroxide incorporated into its composition.  
Carbamide peroxide is broken down into hydrogen 
peroxide and urea in a 1/3-2/3 ratio
[18]
 Hydrogen 
peroxide is also broken down into perhydroxyl (HO
-
2) 
and O
-
 free radicals. Perhydroxyl is a very active free 
radical with potent oxidizing potential.  
It affects macromolecules of the pigments and can 
lead to degradation of resin matrix and softening of 
composite resin.
[18]
 Moreover, free radicals can target 
the resin-filler interface in composite resins
[4 ]
 causing 
microscopic cracks 
[19 ]
 and compromising the surface 
hardness of composite resins. 
Effect of bleaching agents on surface 
microhardness has been the subject of numerous 
investigations yielding controversial results. In some 
studies
[2,7,11] 
the use of higher concentrations of 
hydrogen peroxide has not caused significant changes 
in microhardness of composites; whereas, the other 
studies have shown that the surface microhardness of 
tooth-colored restorations is decreased following in-
office bleaching
[20]
; which is in agreement with our 
obtained results.  
Atali and Topbasi
[12] 
reported changed 
microhardness of hybrid, nanohybrid, nano super-filled 
and silorane composites following bleaching 
treatments with 35% and 38% hydrogen peroxide. 
Nano-based composites were less affected than hybrid 
or silorane-based composites.  
These findings were somehow in contrast to the 
results of present study. AlQahtani
[13]
stated that 10% 
carbamide peroxide whitening agent had small effects 
on decreasing the microhardness of microhybrid 
composites. However, its effects on reducing the 
microhardness of nanofilled, silorane-based and hybrid 
composites were significant.  
These results were different from our findings. 
Such differences may be attributed to the different 
methodology of studies, type and concentration of 
bleaching agents, type of composite or other factors. 
Difference in microhardness values after the same 
bleaching regimen may be attributed to the difference 
in organic matrix of polymers, filler content and size of 
particles. Filtek Z250 is a microhybrid composite with 
78% weight percent filler and 0.01-3.5μ size particles 
and Filtek Z350 is a nanofilled composite with a 
combination of 20nm silica nano-fillers and 0.4-0.6 μ 
zirconia-silica nanoclusters.
[21]
  
Although some published studies have shown that 
this composite has mechanical properties similar to 
those of hybrid and midi-filled composites
[22-24]
, high 
surface/volume ratio due to the presence of silica 
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particles may increase its water sorption and cause 
destruction of polymer matrix-filler interface
[25-26]
 and 
lead to a possible drop in some mechanical 
properties.
[27]
  
There was a high possibility that in this study, 
bleaching agents decreased the microhardness of this 
composite by affecting the matrix-filler interface. One 
important characteristic of P90 is its super-
hydrophobicity due to the presence of siloxane in its 
chemical formulation causing its insolubility.
[28]
 This 
was probably responsible for no significant reduction 
in microhardness of this composite following the 
application of bleaching agents.  
In current study, the effects of 4h daily application 
of 16% CP for 14 days and one time 40min application 
of 35% CP on microhardness of methacrylate-based 
composites were not significantly different. Some 
researchers discussed that increasing the concentration 
of bleaching gel increases the concentration of released 
H2O2 that may cause higher degradation of restorative 
materials.
[10, 29-30]  
Some others reported that increasing the 
concentration of bleaching agents had no effect on 
microhardness of composite resins
[11, 14]
 which was in 
concord with our findings.  
In addition, it indicated that the cumulative effect 
of low concentration of peroxide in chemical 
formulation of CP over time could cause degradation 
similar to that of a high-concentration agent with fewer 
applications in our two understudy methacrylate-based 
composites. Overall, the effects of these two bleaching 
agents were not similar on P90 which confirms the 
findings of Atali and Topbasi.
[12]
 
 
 
Conclusions 
Beside the limitation of this study, silorane-based 
composite showed lower microhardness. But it did not 
decreased significantly after bleaching. 
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